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Effect of dialysate volume on peritoneal dialysis kinetics
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Effect of dialysate volume on peritoneal dialysis kinetics. The
effect of peritoneal dialysate volume on the rates of transperi-
toneal urea and creatinine equilibration was determined over a
120-mm sampling period. Equilibration half-time (t112) was
prolonged when volume was increased from 1 to 2 to 3 liters.
Some data suggest this delay was not attributable to a decrease in
peritoneal permeability or blood flow. If that is true, our data
indicate that slower urea equilibration with larger dialysate
volumes is due to changes in volume/surface area relationships.
Because solutes equilibrated more rapidly into 1 liter than into
2 liters, peritoneal clearances using an exchange schedule of I
liter every 30 mm were comparable to those obtained with 2
liters exchanged every 60 mm. Therefore, patients susceptible to
cardiopulmonary complications may be dialyzed without loss of
efficiency by infusing 1 liter every 30 mm instead of the usual 2
liters every 60 mm.
Effet du volume de dialyse sur Ia cinétique de Ia dialyse perito-
néale. L'effet du volume du dialysat pèritonéal sur les vitesses
d'équilibration transpéritonéale de l'urée et de la créatinine a
été étudié pendant une période de prélèvements de 120 mm. Le
temps de demi-equilibration (ti,2) est allonge quand Ic volume
est augmenté de I a 2 et de 2 a 3 litres. Certains faits suggèrent
que ce retard n'est pas attribuable a une diminution de Ia permé-
abilité ou du debit sanguin péritonéaux. Dans ce cas nos résultats
indiqueraient que l'équilibration plus lente de l'urée, quand le
volume de dialysat est plus grand, serait liée aux modifications
du rapport volume/surface. Du fait que les substances dissoutes
s'equilibrent plus rapidement dans 11 que dans 2 1 les clearances
péritonéales sont comparables dans un programme d'echange
d'un litre toutes les 30 minutes a celles obtennes dans un pro-
gramme d'éxchange de 2 litres toutes les 60 minutes. Par consé-
quent il est possible de dialyser les malades exposés a des com-
plications cardiopulmonaires sans perte d'efficacité, en injectant
1 litre toutes les 30 minutes au lieu des 2 litres habituels toutes
les 60 minutes.
Peritoneal dialysis usually is done in adults by
exchanging dialysate volumes of 2 liters every 40 to 60
mm. However, 2-liter exchanges may cause pulmonary
complications [1], and instillation of 2 liters into the
peritoneal cavity may cause cardiac output to decrease
[2, 3]. It has been suggested that 1-liter rather than
2-liter dialysate volumes should be used to prevent
cardiopulmonary complications of peritoneal dialysis
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[1, 2, 4]. However, only limited data are available, and
these in rabbits [5], concerning dialysis with varying
dialysate volumes.
in the present study the rates of transperitoneal
equilibrium of urea and creatinine concentrations
were measured as a function of dialysate volume, and
peritoneal clearances were measured using 1- and 2-
liter volumes at the same dialysate flow rate. Results
indicate that the rate of transperitoneal solute equili-
bration is inversely related to dialysate volume in a
complex fashion. This caused comparable clearance
rates to be obtained using 1-liter and 2-liter volumes at
the same hourly rate of dialysate exchange.
Methods
Part 1. Seven adult uremic patients (three men and
four women) were studied after informed consent had
been obtained. Peritoneal dialysis was performed,
using l,5% commercial dialysis solution (Dianeal)
exchanged at a rate of 2 liters every 60 mm for 12 hours
prior to study. At the end of this period, serum electro-
lyte concentrations were normal and fluid balance was
stable. Then the abdomen was drained as dry as pos-
sible. The study was begun by infusing, in random
order, 1, 2 or 3 liters into the peritoneal cavity. Each
infusate was left in the peritoneal cavity for 120 mm
after completion of inflow. Emptying of each ex-
change was assumed to be complete, because in each
case free flow of dialysate stopped completely and the
total volume instilled was recovered. Furthermore, a
semilog plot of one minus the concentration ratios
against time yielded a linear relationship for each
volume, with the zero intercept occurring near the
beginning of the instillation time.
Ten-mi samples of peritoneal fluid (PF) were taken
0, 10,20,40, 60,90 and 120 mm after completion of the
infusion. Prior to each sampling the dialysis catheter
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was rinsed by removing approximately 25 ml of
dialysate. The sample was then taken and the rinse
fluid replaced. Specimens were taken only from the one
catheter site; multiple sampling was not done because
inadequate mixing of solute in the homogeneous
dialysate was not thought to be a problem. Obtain-
ment of smooth equilibration curves supports this
impressiOn.
Venous blood samples were drawn from a forearm
vein at times 0 to 120 miii. Urea and creatinine con-
centrations in blood and dialysate were determined in
duplicate by the urease [6] and Jaffe [7] methods,
respectively.
Mean dialysate inflow times for 1, 2 and 3 liters were
5, 8 and 12 mm, respectively. Therefore, since the
zero time sample was taken immediately after the
dialysate had been infused, transperitoneal solute
diffusion during the inflow time would tend to make
the equilibration rate appear more rapid with the
larger volumes. This error would tend to obscure any
real increases in equilibration time which might
occur with larger volumes. Therefore, our finding of a
prolonged equilibration time with larger volumes
cannot be attributed to the timing of the first sample.
Data were analyzed as follows: Concentration ratios
for urea and creatinine at each sample time and volume
were calculated as FE/B x 100, where PF is the urea or
creatinine concentration in peritoneal fluid, and B, the
concentration in blood plasma. Mean concentration
ratios for all patients were calculated at each time and
volume, and plotted against time to obtain diffusion
curves. Differences between concentration ratios at
each time for the 1-, 2- and 3-liter dialysate volumes
were compared by analysis of variance and Duncan's
new multiple range test [8].
To help explain the relationship between dialysate
volume and equilibration time, the kinetics of trans-
peritoneal urea diffusion were analyzed further. The
values 1 —PF/B at each sampling time for each
patient and dialysate volume were plotted on semi-
logarithmic paper and the straight line of best fit was
drawn. The time required for the urea concentration in
peritoneal fluid to reach a value of 50% of that in
plasma (t112) was determined by inspection. Mean t112
values for all patients at the 1-, 2- and 3-liter volumes
were calculated (see Appendix 2).
In five patients, instantaneous urea/creatinine
dialysance ratios at each sampling time between 20 and
60 mm were calculated using the equation shown in
Appendix 1. Mean ratios for each patient at each vol-
ume were calculated and compared by analysis of
variance and Duncan's new multiple range test [8.
Part 2. Four patients, including two from Part 1,
were treated as follows: Two were dialyzed using
2-liter volumes exchanged every 60 mm for three
consecutive hours and then 1 liter every 30 mm for
three hours. The 30- and 60-mm cycle times were
measured from the beginning of infusion to the end of
drainage. The same study was done in the other two
patients, but the order of infusions was reversed.
Dialysate from each three-hour period was pooled,
the volume measured, and an aliquot taken for mea-
surement of creatinine and urea concentrations. These
also were measured in venous blood samples taken at
the beginning and end of each dialysis period. Pen-
toneal clearances (C) were calculated using the for-
mula C=PF. V/B, where FE is the urea or creatinine
concentration in blood plasma and V is dialysate
flow rate in mI/mm. This formula was adequate for
calculation of clearance since B was nearly constant
during the three-hour clearance periods. Differences
between the clearances with the 1- and 2-liter volumes
at the same exchange rate were analyzed statistically
by Student's t test for paired samples.
Results
Part 1. Concentrations of both urea and creatinine
became equilibrated across the peritoneum at rates
which slowed as dialysate volume increased (Figs. I
and 2). The urea FE/B concentration ratios at each
sampling time were significantly lower with 2 liters
than with 1 liter between 10 and 90 mm (P<0.0i).
Urea equilibration was also slower with 3 liters than
2 liters, but the difference was statistically significant
only at 40 (P<0.0l), 60 (P<0.05) and 90 mm (P<
0.05). The creatinine equilibration rate at 2 liters was
x
•—. V=1 liter
o—o V=2 liters
h—A V=3 liters
Time, mm
Fig. 1. Changes in peritoneal fluid/blood urea concentration ratios
(PF/B) plotted against time with 1-liter, 2-liter and 3-liter
dialysate volumes. Values shown are means SEM.
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significantly slower than for 1 liter (P <0.05 between
10 and 90 mm), but the difference between the 2-liter
and 3-liter equilibration curves was not significant.
The mean time required for the urea concentration
in peritoneal fluid to increase to a value 50% of that in
blood (t112) was 18.1 mm with 1 liter, 29.0±
2.2 mm with 2 liters and 40.0± 3.5 mm with 3 liters.
Differences between t112 values for 1 and 2 liters and for
2 and 3 liters were statistically significant (P<0.01).
Urea/creatinine dialysance ratios were calculated
for the periods 20 to 60 mm after completion of inflow
with the 1-, 2- and 3-liter volumes in five patients.
These periods were chosen because lower trans-
peritoneal concentration gradients and slower solute
diffusion in later periods might introduce errors in the
dialysance calculation. In fact, each instantaneous
dialysance ratio at a given time and volume in a given
patient was very close to the mean ratio for that
individual, indicating that dialysance was little affec-
ted by the change in rate of solute movement which
occurred over time. Mean values obtained were
1.12 0.05 (sEM) for 1 liter, 1.13 0.01 for 2 liters and
1.13 0.03 for 3 liters. Differences were not statistically
significant (F= 2.98).
Part 2. Clearances of urea and creatinine were not
significantly different with the 1- and 2-liter dialysate
volumes at flow rates of 2 liters/hr (Table 1). Urea
clearance was 17.0±0.7 (sEM) ml/min with 1 liter/30
mm, and 18.3± 1.8 mI/mm with 2 liters/60 mm (P<
0.3). Creatinine clearance was 11.4± 1.8 mi/mm with
I Iiter/30 mm, and 12.1 2 liters/
60 mm (P<0.2).
Discussion
Present results demonstrate that as peritoneal
dialysate volume increases, urea and creatinine con-
centrations become equilibrated across the pen-
toneum more slowly. This slower equilibration rate
with increasing dialysate volume could have been
caused by either the increase in volume alone or a
decrease in permeability, blood flow or surface area, as
indicated by the following mathematical expression for
equilibration t112:
0.693 V
ti/2=f(BF)A (Equation 1)
where p is the permeability coefficient of the peritoneal
membrane in cm/mm; f(BF) is a dimensionless in-
creasing function of peritoneal blood flow (BF)
ranging from 0 at BF==0, to 1 at normal or greater
than normal blood flow; V is the dialysate volume in
ml; and A, expressed in cm2, is the effective surface
area of the fluid bolus in contact with the peritoneal
membrane and available for diffusion (see Appendix
2). This equation does not include provision for dif-
ferences in thickness of the unstirred layer over the
peritoneal surface or differences in resistance to
solute diffusion within the dialysate at the 1-, 2- and
3-liter volumes. These factors could not be measured in
this study. They were assumed to be independent of
dialysate volume over the range studied. Inadequate
mixing of the dialysate also might have affected our
results, but some data indicate that vigorous mixing of
peritoneal fluid does not enhance dialysance [9].
To test the possibility that prolongation of equilibra-
tion time with increasing volume was due to a decrease
in membrane permeability, urea/creatinine dialysance
ratios were calculated. if increasing intraperitoneal
volume had decreased permeability, or effective pore
size, it should have impaired diffusion of larger mole-
cules more than smaller ones; i.e., the urea/creatinine
Patient No. Urea clearance Creatinine clearance
ml/mi,i mi/mm
1 liter! 2 liters! I liter! 2 liters!
mm30 mm 60 mm
1 15.4 14.2 6.7 6.3
2 17.7 20.6 12.3 12.6
3 18.4 22.0 15.2 16.4
4 16.3 16.3 11.4 13.0
Mean±sEM 17.0±0.7 18.3± 1.8 11.4±1.8 12.1
P >0.3 >0.2
x
I)
V
U
Fig. 2. Changes in peritoneal fluid/blood creatinine concentration
ratios (PF/B) plotted against time with 1-liter, 2-liter and 3-liter
dialysate volumes. Values shown are means SEM.
A— V=3 liters
60
Tinie, in/u
Table 1. Peritoneal clearances with varying dialysate volumes at
the same exchange rate
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dialysance ratio should have increased [10]. In fact,
the ratio did not change, suggesting that the prolonga-
tion of solute equilibration time with increasing vol-
ume was not attributable to a decrease in membrane
permeability.
it might be argued that the rate of solute flow at the
later sampling times was too slow to assess a lack of
change in the urea/creatinine dialysance ratio. To
obviate this objection, the ratios were calculated for
individual points on the diffusion curve; mean values
were calculated using only the early portion where
solute flow was most rapid. The mean value for each
patient at a given volume was close to the instantan-
eous ratios obtained using individual points, and no
differences were found at the three volumes. Moreover,
in other reports, changes in the urea/creatinine dialy-
sance ratio have been found during staidard rate
dialysis of patients with diseases thought to alter
permeability [11, 12].
The possibility that peritoneal blood flow decreased
when larger volumes of fluid were instilled into the
peritoneal cavity was not tested in this study by
measuring blood flow, but data from rabbits indicate
that peritoneal urea clearance does not decrease until
blood flow is reduced to 20% of the normal value [13].
Moreover, very high urea and creatinin clearances
have been attained in human subjects by using very
rapid dialysate exchange rates [14, 15] even though
intraperitoneal fluid volume was as high as 4 liters.
This suggests that increasing dialysate volume does not
decrease peritoneal blood flow enough to limit trans-
peritoneal solute equilibration rate within the range of
dialysate volumes used and clearances obtained in the
present study.
Having discounted decreased peritoneal membrane
permeability and decreased blood flow as likely causes
for the delayed solute equilibration rate with increased
dialysate volume, we next considered the effect of
changes in dialysate volume and membrane surface
area. If surface area did not change as volume in-
creased and if blood flow and permeability remained
constant as suggested above, the observed prolonga-
tion of equilibration time might be attributable to the
increase in volume alone. If so, from equation 1, t112
would increase in direct proportion to the increase in
volume, and t112 at the 2-liter and 3-liter dialysate
volumes would be two and three times the 1-liter
value, respectively. In fact, urea t112 for 2 liters and 3
liters was 1.58 and 2.16 times the I-liter value, both
significantly less than predicted (Table 2). Thus, as
dialysate volume increased, t112 increased less than it
would have if due to the increase in volume alone, i.e.,
surface area also increased. From these findings and
from equation 1 it can be concluded that since solute
Table 2. Effect of dialysate volume on urea equilibration t11
V2/V1 (ti,2)2! (V2/V1)"3( \b1/2)1 V3/V1 (t112)3/ (V3/V1)''3°I \bi/2)i
2 1.58 1.26 3 2.16 1.44
P 0.025 <0.05 <0.02 <0.005
(a vs. b) (b vs. c) (a vs. b) (b vs. c)
Theoretical t112 ratios with 1-liter, 2-liter and 3-liter dialysate
volumes, assuming no change in surface area with increased
volume.
b Measured t,,1 ratios as volume increased from 1 liter to 2
liters and from 1 liter to 3 liters.
Theoretical t112 ratios with 1-liter, 2-liter and 3-liter dialysate
volumes, assuming no change in shape with increased volume
(patient 1, Fig. 3).
equilibration rate decreased with increasing dialysate
volume, then both the surface area of the fluid bolus
(and, therefore, the peritoneal diffusing surface), and
the ratio of volume/surface area (V/A) increased. This
increase in V/A would make the geometry of the
dialysate fluid bolus less favorable for diffusion, and
it most likely explains the prolongation of solute
equilibration time observed with the larger dialysate
volumes.
Volume/surface area relationships (V/A) might
change with increasing volume in various ways
depending on how the shape of the fluid bolus changes.
Therefore, the effect of increasing dialysate volume on
the shape of the dialyzing surface was derived from a
mathematical analysis of the relationship between t112
and the V/A ratio at 1-, 2- and 3-liter dialysate vol-
umes (data pertaining to this mathematical deriva-
tion available upon request).' This analysis indicated
that V/A became less favorable for diffusion as volume
increased because the fluid bolus, and therefore the
peritoneal diffusing surface, assumed a more spherical
shape as volume became larger.
Present results also have clinical implications,
because the changes in transperitoneal solute equilibra-
tion time observed were great enough to modify
clearance rates at a given dwell time. The PP/B urea
and creatinine ratios for I liter at 30 mm were com-
parable to those for 2 liters at 60 mm. Because of the
difference in volume, the total amount of solute which
diffused into 1 liter in 30 mm was approximately one-
half that which entered 2 liters in 60 mm. Therefore,
clearances of urea and creatinine were the same at
'See NAPS document 02312 for eight pages of supplementary
material. Order from ASIS/NAPS c/o Microfiche Publications,
305 E. 46th Street, New York, NY 10017. Remit in advance for
each NAPS accession number $1.50 for microfiche or $5 for
photocopies. Make checks payable to Microfiche Publications.
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comparable dialysate flow rates obtained either by
exchanging 1 liter/30 mm or 2 liters/60 mm. Efficiency
is not lost when smaller volumes of dialysate are used
if the exchange rate is maintained. This finding may be
applied in patients who need peritoneal dialysis but are
thought susceptible to cardiopulmonary complications
with 2-liter dialysate volumes. In such cases we now
exchange 1 liter of dialysate every 30 mm instead of 2
liters every 60 mm to avoid overdistending the pen-
toneal cavity.
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Appendix
I. Calculation of Du/Dcr where Du =dialysance of
urea and Dcr =dialysance of creatinine. If a substance,
X, diffuses from the blood where its concentration is B
into a bolus of peritoneal fluid where its concentration
is PF, then the flux of this substance, dx/dt, (mg/mm)
can be given by a slight modification of the classic
diffusion equation:
— p.A .(B—PF).f(BF), (Equation Al)
where p is the permeability coefficient (cm/mm), A is
the diffusing area of the peritoneal membrane (cm2),
and f(BF) is a dimensionless monotonic increasing
function of blood flow between 0 and 1. It has been
found that f(BF) is nearly always 1 as long as BF is
greater than 20% or normal [13]. However, since it is a
potential variable which influences flux, it will be
maintained throughout the derivations. Most authors
regard this as combined in the p factor. The negative
sign connotes that the flux decreases with time.
Dialysance of X, Dx is defined as the flux per unit
diffusion gradient, or
Dx B pA .j(BF) (Equation A2)
Defined in this way, the dialysance ratio for any two
solutes x andy is a direct measure of their permeability
ratios:
Dx
—
px
Dy py (Equation A3)
Hence, we need to develop a method for calculation
of this ratio from dialysis data.
From equation Al, if B is fairly constant during the
period of observation, and V is the volume of the
dialysate bolus, then
—p.A.(B—PF).f(BF)
dPF _pAf(BF)d
B—PF V
From t=0, PF=0 to time t,
rPF dPF —pAf(BF) dt
J0 B—PF V
I PFI —PAf(BF)t (Equation A4)1ogl—--= V
For two different solutes x and y passing simultan-
eously into the same peritoneal fluid bolus; A, J(BF),
V, and t will be the same for x and y. Thus, at any
time t,
PFx
pxAf(BF) loge [1
pyAf(BF)
= Dx/Dy = [ PFy] (Equation AS)og L i
This derivation is different from that used previously
[161, in that we have assumed a constant concentration
of solute within the body for urea and creatinine. This
simplification is justifiable, because solute concentra-
tions in plasma remained nearly constant.
In using this dialysance ratio equation, it is assumed
that solutes move by diffusion, no bulk flow. Since the
volumes of dialysate recovered were very close to those
infused, ultrafiltration volume and bulk flow of water
probably did not significantly affect solute movement.
2. Significance of 11/2, or time o.t 5O equilibration
across peritoneal membrane. From equation A4,
I PFI _pAf(BF)tlog1—--=- V
At 50 equilibration,
Thus,
I 0.5B1
—
_pAf(BF)t
log1l—--—1—- V
—0.693= —pAf(BF) 112
0.693 V
=
pf(BF)
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